to facilitate large-scale engine testing, the sensor suite serves two primary purposes.
I. INTRODUCTION
From the first Satnm V rocket booster (S-11-T) testlng in 1966 and the routine Space Shuttle Main Engine (SSME) testing beginning in 1975, to more recent test programs such as the X-33 Aerospike Engine (Figls, the Integrated Powerhead Development (IF'D) program (Fig 2) , and the Hybrid Sounding Rocket (HYSR}, Stennis Space Center (SSC) continues to be a premier location for conducting large-scale propulsion testingl. Central lo each test program is the capability for sensor systems to deliver reliable measurements and high quality data, while also providing a means to monitor the test stand area to the highest degree of safety and sustainability. As part of an on-going effort to enhance the testing capabilities of Stennis Space Center, the Test Technology and Development group is developing and applying a number of wireless and intelligent sensor technologies in ways that are new to the test existing test environment.
PROBLEM DEFINITION
Wireless and intelligent Sensor technologies being implemented in the propulsion test environment have come from both in-house development efforts as well as external sources. One of the in-house efforts bas focused on the development of a Wireless Sensor Suite. In addition to serving as a demonstration system to help determine how, where and when wireless sensors can best be applied at SSC
Fg. 2. Integrated Powerhead Development (IPD)
First, the suite provides an easily configurable and deployable data collection capability for a variety of sensor types, wirelessly or using Ethemet. Second, it serves as an upgradeable platform that evolves to accommodate new technologies and smart sensor paradigms, both in the laboratoly and industrial environment. Of particular interest is the continued tracking of the availability of network ready plugand-play sensors aligned with the IEEE 1451.4 standard for smart transducers and networks' and the application of low cost, wireless solutions to the distributed sensor networks that can play a key role in intelligent condition-based maintenance and health monitoring systems'. The P1451.4 is a standard d e f~g an interface specification for analog transducers based upon the use of a Transducer Electronic Data Sheet (TEDS). The TEDS contains manufacture information, calibration data and transducer cbaracteristics and parameters that are transmitted from the sensor on power-up before entering analog mode for norma1 operation' F i g 3). 
A. Wireless Sensor Suife
The Wireless Sensor Suite arose, in part, from data needed by researchers interested in the acoustic, strain and vibration levels introduced to test facility structures generated by the testing of a 650K Ulba Low Cost Engine thrust chamber' (Fig 4,5,6 ).
Thk required the use of six microphones, thirteen accelerometers, and nine strain gages positioned both extemal to and inside the E complex building high bay area and the El conhol room. A low-cost MEMS-based accelerometer system (MEMBAS) that included the use of an integrated circuit containing both the accelerometer transducer element and the necessary signal conditioning electronics6 was designed to address this immediate need. Expansion on this concept to add wireless capabilities and the adaptability to accommodate multiple sensor types, led in tum to the development of the Wireless Sensor Suite' (Fig 7) . Using a frequency hopping spread spectrum (THSS) radio modem, microcontroller and associated electronics, the suite is designed with a modular architecture to allow configuration for a variety of sensor types, processing capabilities and communication mediums, whether over-air or cable. This architecture is designed with the intention to evolve to accommodate new technologies and smart sensor paradigms, both in the laboratory and industrial environment.
Fg. 7. Wreless Sensor Suite MEMS accelemmeter application
B. Wireless Vacuum Monitoring Network
Another application of this sensor suite concept is the monitoring of vacuum levels on the vacuum-jacketed propellant lines. An Intemet-enabled wireless vacuum monitoring network is slated for use on the network of cryogenic propellant lines on 'the Al, A2 and propellant barges to wirelessly read and report the vacuum level of the cryogenic l i e s to an on-site webpage (Fig 8) . 
C. Wireless Temperature Sensor Network
One example of the full implementation of a production version of the Sensor Suite and associated graphical user interface to a specific propulsion test safety application, is in the use of the wireless sensors to monitor the safety of barrels storing highoncentration hydrogen peroxide propellant for the testing of a low-cost upper-stage propulsion system testing. Hydrogen peroxide use as a propellant is attractive due to the ease at which it can be stored for long periods of time without the need for cryogenic temperatures. It is critical however, that the temperature of storage containers be continuously monitored to ensure unstable conditions do not develop due to contamination.
One indication of contamination will be a steady rise of surface temperature as the hydrogen peroxide decomposes.
The Wireless Temperature Sensor Network (WTSN) was adapted to continuously monitor barrel temperature (Fig 9) and report directly to the control room (Fig IO) (Fig 11) and a single Controller Unit (Fig 12) that provides a thermocouple interface and wireless connectivity to achieve an end-toend accuracy of +/-1 "C over an operating range of 0 O C to 200 O C . Four type-K thermocouples and one ambient solid-state temperature sensor provide temperature measurements for each field unit. The Controller Unit reports ambient and thermocouple temperatures to a PC via the 19.2 Kbps RS-232 serial port. A parallel printer port can print hardcopies when using the Controller Unit without a PC. Two normally-open dry contacts on the Controller Unit are closed, when any reported temperature exceeds 40 "C. The dry contacts are intended for activating a local alarm. Since the barrels are stored out of direct sunlight, it is expected that surface temperatures above 40 OC will be indicative of internal, not extemal, barrel heating. Wireless connectivily is provided using .lOO-milliwatt frequency-hopping spread spectrum modules operating within the 900 MHz ISM Band under Part 15 of the FCC Rules. Transmitter Units operate on AA batteries for approximately 120 days with a 30-minute reporting duty cycle. A graphical user interface is provided to monitor and record the data to a PC. 
Fg. 11. Transmitter Unit

D. Wireless Sensor Suite Graphical Users Interface
The Wireless Sensor Suite uses a LabView Graphical User Interface (Cur) to convert incoming raw data to an easily interpreted format, as well as increase overall unit functionality. The GUI offers automatic archiving of data, real-time data display, graphed data to show trends, the ability to remotely access data, the ability to alarm at userdefmed conditions, and the versatility to work with various types and any number of sensors. A feature that reports nonresponding units, and a test mode used to simulate data was added for development and troubleshooting purposes. The functionality of the graphical user interface described has proved to be of the greatest value to propulsion testing operations personnel.
Running the GUI, automatically creates an array of files to archive the gathered data. A directory determind by the date and time is created as well as an excel file for each unit in the field. The controller unit receives data, and the time, the date, the channel, the sensor measurement, and any alarm conditions m recorded in the appropriate excel file. Raw data enters the controller and is archived in a string format. The GUI graphs this information in order to illuminate any general trends. This is especially important in monitoring temperature of hydrogen peroxide barrels. A gradual increase in temperature on a pmt~cular channel could be an indication of contamination and a mounting dangerous situation
The GUI includes remote monitoring capabilities. When a unit reports data, the program'creates an html document displaying the current time, any alarm conditions, any units not responding, and links to the data archives sorted by specific unit number. The html reporting features has two options. The file may be written to a specific computer and shared to enable viewing anywhere on site, or, using an FTP script, the html file and the most recent archived data may be transferred to a server and viewed openly on the intemet.
Two alarm modes, in addition to the hard-wired alarm located on the controller unit, are used to call attention to measurements that reach a user-detennined level. This can help identify potential hazards before they reach a critical level. As in the case with the temperature monitoring of the hydrogen peroxide barrels, a warning condition was reached at 40° C and an alarm condition was reached at SOo C.
The GUI has the ability to flag any units that have not reported in a user-specified length of time. This feature is useful to reveal units that are malfunctioning or may have been mistakenly turned off. Field units with &ad or dying batteries can also be identified due to the delayed reporting times.
While more important during the initial development of the software than to the end-user, the WSN has the ability to simulate incoming data without actually being connected to an extemal system. When enabled, an embedded program is run to simulate field data. The user is given the option to controt the feedback rate, the number of Units reporting, the number of channels per unit, and the magnitude of the actual data being sent. Not only is this a useful tool to verify the functionality of the various features of the program, it also serves as a valuable teaching tool to users who are unfamiliar with the operation of the system without the trouble of having to set up field and controller units.
In order to remain versatile, the WSN GUI is written in a generic, modular format. This allows the program to function the same regardless of what type of sensor is in the field, and because the program collects data in a variable sized array, it can collect data from any amount of units with any amount of channels per unit.
